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Project Introduction

The Mars Gas Hopper, or "gashopper" is a novel concept for propulsion of a
robust Mars flight and surface exploration vehicle that utilizes indigenous CO2
propellant to enable greatly enhanced mobility. The gashopper will first
retrieve CO2 gas from the Martian environment to store it in liquid form at a
pressure of about 10 bar. When enough CO2 is stored to make a substantial
flight to another Mars site, a thermal storage bed is heated to ~1000 K and
the CO2 propellant is warmed to ~300 K to pressurize the tank to ~65 bar. A
valve is then opened, allowing the liquid CO2 to pass through the hot thermal
storage bed that heats and gasifies the CO2 for propulsion. Gashopper can be
designed to function as either ballistic flight vehicles or winged airplanes, with
the former offering simplicity and the latter greater range. The advantage of
the gashopper is that it provides Mars exploration with a fully controllable
aerial reconnaissance vehicle that can repeatedly land and explore surface
sites as well. The key technical issue that determines the potential
performance of a gashopper is the overall specific heat of the thermal storage
bed. In previous work, Pioneer Astronautics has demonstrated working
gashopper airplanes and ballistic flight vehicles that utilized magnesium oxide
pellets for thermal storage. While convenient for test purposes, MgO has a
specific heat that is only roughly equal to CO2. This severely limits the
attainable mass ratio and thus vehicle range. In contrast, lithium has four
times the specific heat of CO2, so its use as a gashopper thermal bed material
would greatly improve vehicle performance. The low density and liquid nature
of high temperature lithium makes its utilization for gashopper engines a
challenge. In the proposed program, Pioneer will resolve this challenge by
designing, building, and testing high specific heat gashopper engines using
liquid lithium for thermal storage.
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